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INTRODUCTION

The bias among architecture critics isn't
against skyscrapers per se, but against
the way in which their design is so heavily
dictated by economic considerations - the
way in which skyscrapers are real estate
before they are architecture.
/
Paul Goldberger

1/ INTRODUCTION
We have reached an era where architecture has to prepare for the alarming changes affecting our modern
society. Predicted urbanization will lead to cities becoming denser and taller to facilitate the needs of housing
and workspace for the growing world population. High costs of rent and scarcity of real state land in city centers
will force developers to build skyscrapers.
Taking into account the impact of larger populations, skyscrapers will have to offer more efficient spaces and
follow strict environmental regulations while contributing to the production of energy and necessary resources.
Focus on human comfort and sustainability will play an imperative role in designing the next super tall structures.
Today most skyscrapers occupy the full real estate land available and leave little or no space for the public.
Sometimes skyscrapers are surrounded with an open plaza however it usually does not create a comfortable
environment all year round. It is affected by the sun, wind and precipitation conditions, which are often not taken
into account during the design phase and are considered a problem rather than an opportunity.
Because of that, we are left with many skyscrapers that are energy inefficient, which are forced today to be
retrofitted with energy consuming mechanical systems.
Environmental performance will define the success of the skyscrapers of tomorrow and designing them to fully
benefit from the climate and site conditions will be the key factor to consider. Public spaces will be in demand
and respected more than ever encouraging architects to include them efficiently into the tall structures.
By analyzing those trends and understanding the environmental benefits of sustainable design we as architects
can respond with structures that include comfortable public spaces that are clearly public, sustainable and
comfortable all year round.
This study will focus on examining the environmental performance of tall structures in dense urban conditions,
their environmental success, availability of public spaces and consideration of human comfort in them.
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PROJECT STATEMENT
I believe that by taking full advantage of the site conditions and by carefully analyzing potential sustainability
measures we as architects can design skyscrapers that incorporate public spaces efficiently threw out the
structure and by the means of sustainable design strategies keep them comfortable and occupiable all year
round and in every weather condition.
From an economic standpoint public spaces in skyscrapers can add value and even become an additional
revenue stream however they have to be carefully integrated to the overall strategy of the building and follow its
efficiency and environmental goals, which is usually not the case in todays designs.
To achieve a successful implementation of public spaces into the skyscraper they have to fully benefit from the
environmental site conditions and by means of sustainable design strategies and careful program selection
increase the comfort of occupying them all year round.
By performing solar and wind simulation studies we as architects can understand the site conditions better and
respond with designs that benefit from them rather than avoid and treat as a problem. Solar heat gain can
make the spaces comfortable during winter and threw passive strategies wind can cool the building in summer.
Environmental conditions at various building heights can create opportunities for specific building programs that
would benefit and take full advantage of them.
PROJECT GOALS
In this thesis I intend to propose a new skyscraper design in the Financial District of Manhattan replacing an
energy inefficient tower where density of existing skyscrapers and demand for efficient use of real estate land
forces developers to build tall and on small footprints.
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CONTENTION

Skyscrapers today provide limited public accessibility and offer
inefficient public spaces inside and outside of the building,
which cannot be occupied comfortably all year round.
Many projects claim to provide comfortable public spaces,
however they are still uncomfortable and not fully integrated into
the sustainable strategy of the building.

KEY QUESTIONS

?
•
How to make the skyscraper feel more public?
• How to make the outdoor space around the skyscraper
comfortable year round?
• How to make the public spaces follow the energy efficiency
approach of the building?

?
Lack of public space

Abandoned City Centers

Uninviting Public Spaces

Skyscraper Lobby

Uncomfortable Interior Environment

Energy Inefficiency

TYPOLOGY ANALYSIS

SKYSCRAPER TYPOLOGY

Fig. 1

Text explaining the historical changes to the skyscraper typology and why its important to analyze it threw the lens of environmental
consideration of design.
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Text explaining what events affected the changes and the outcomes.
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SITE EVALUATION

SITE EVALUATION

Skyscrapers taller than 500ft
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Financial District Boundary

Public Parks
Boardwalks
Public Plazas
Publically Accessible Waterfronts

City Owned Property
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Company Building
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Bank of New York
Building
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Equitable Building

99 Washington
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- concrete
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- stone
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- steel
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- glass
- steel
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503 ft

588 ft

687 ft
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- neo-gothic

Architectural Style
- postmodern

Architectural Style
- modern

Architectural Style
- international

Architectural Style
- modern

Architectural Style
- international

Architectural Style
- modern

Architectural Style
- international

Materials
- copper
- steel
- terra cotta

Materials
- masonry
- glass
- steel
- brick

Materials
- glass
- steel
- concrete

Materials
- glass
- steel
- concrete

Materials
- glass
- concrete

Materials
- glass
- steel

Materials
- glass
- steel

Three World Trade
Center
2017
80

Woolworth Building

Barclay Tower

1913

2007

1079 ft

792 ft

674 ft

Building Uses

Building Uses

Building Uses

Architectural Style
- modern

Architectural Style
- postmodern

Architectural Style
- modern

Materials
- glass
- steel
- concrete, reinforced

Materials
- glass
- limestone

Materials
- glass
- steel
- concrete

2016
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- art deco
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- international
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- glass
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- concrete, reinforced
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- steel
- concrete
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- glass
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- concrete
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- glass
- steel
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- glass
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- concrete
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- glass
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- glass
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Materials
- glass
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- brick
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- stone
- concrete, reinforced
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- concrete
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- stone
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- glass
- steel
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- steel
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- glass
- brick
- concrete
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- glass
- steel

Architectural Style
- art deco
Materials
- glass
- steel
- concrete

39

31

60 Broad Street

17 State Street

1962

1988

39

44

50

40

53

37

41

1987

36

57

56

67

71

319

Materials
- glass
- stone

The focus of my research is the Financial District of Manhattan, which provides a dense urban condition and
many examples of efficient & inefficient skyscrapers built in different time periods.
I have limited my scope of analysis to the skycrapers above 500ft as building at that height

COOLING TOWERS

Cooling Towers Larger than 4ft
Potential Sites

WORKING POPULATION
DENSITY

1 - 272
272 - 621
621 - 1189
1189 - 2353
2353 - 3961
3961 - 6568
6568 - 11420
11420 - 18764
18764 - 34587
34587 - 55338

LANDMARKS

Landmark
Landmark Interior
Business Improvement District
Designated Historic District

PUBLIC SPACES

Publicaly Accessible Waterfront
Parks
Boardwalks
Open Plazas

ZONING

District Boundary
Parks
PBC
C4-6
C5-5 / C5-3
C6-2A / C6-3A / C6-4 / C6-9
MI-4

SETBACKS

District Boundary
Type 1: 150’ Minimum/ 250’ Maximum
Type 2A: 85’ Minimum/ 150’ Maximum
Type 2B: 85’ Minimum/ 150 Maximum
Type 3: 60’ Minimum
Type 4: 100’ Maximum
Type 5: Streets with no Required Setbacks

RETAIL DESIGNATED
STREETS

District Boundary
Designated Retail Streets

TRANSPORTATION

District Boundary
Subway Platform
Subway Entrance
8th Ave. Line
Broadway - 7th Ave. Line
Broadway - 60th St. Line
Lexington Avenue Line
Nassau St. Line

ENERGY CONSUMPTION
BY PLOT

Home Insurance Plaza

60 Broad Street

One New York Plaza

CHOSEN BUILDING

One New York Plaza

PRECEDENT ANALYSIS

PRECEDENT ANALYSIS

Shanghai Tower

DESCRIPTION -

1/Accessibility

Shanghai Tower’s entrance is surrounded by green space and trees. It emerges from the landscape and blends with it creating not only an
environment inside but also on the outside perimeter of the structure.
The attached shopping mall and the hotel inside of the tower add to the public aspect of the building making it look like a destination intended for
the public.

2/Public Space

Shanghai Tower houses Class A office space, entertainment venues, retail, a conference center, a luxury hotel and cultural amenity spaces.
The structure is surrounded with public spaces. Unfortunately they will not be open to the general public and will serve only the inhabitants and
office employees.
The volume of space is wasted as only one floor is possible to be occupied in the cavity of the public space.

3/Interior Comfort

The Shanghai Tower has been designed to take full advantage of the wind and
The tower’s glass facade twists 120° twist as it rises and reduces wind loads on the building by 24%.

4/Energy Efficiency

Key to the building’s sustainability is its triple-layer glass ‘skin’. The outer layer of glass is separated from an inner layer of double-glazing by a
cavity containing blinds that respond to the sun’s movement, keeping the office space comfortably cool throughout the working day.
The external glazing incorporates vents every seventh storey, allowing air to flow freely around the cavity. This minimises the need for artificial
cooling – typically the highest single source of energy use in an office building.
While the construction process cuts waste to near zero by designing and manufacturing most parts off-site, systems have been put in place to
ensure resources are managed efficiently on an ongoing basis. These include nearly 300 energy meters installed throughout the building to
monitor usage, along with low-flow water fixtures and fittings.
http://www.theleadenhallbuilding.com/architecture/sustainability/
Comparing to towers of similar height Shanghai Tower uses 25% less structural steel saving $58 million in material costs.
Vertical-axis wind turbines located near the top of the tower are capable of generating up to 350,000 kWh of supplementary electricity per
year. /4a

5/Clumate Response

+ harvesting wind energy
+ incorporating solar panels
+ passive ventilation

Seagram Buidling

DESCRIPTION -

1/Accessibility

The Seagram Building occupies only 40% of allowable zoning envelope leaving space for a granite-paved public plaza.
However the plaza does not create an inviting space for people to linger. It has no seating and provides no protection from the atmospheric
conditions.
The plaza is also not easily wheelchair accessible.

2/Public Space

The Seagram Building has been viewed as a perfect example of giving back the space to the public. However the outdoor plaza does not
create a comfortable space around the year. It is not protected from precipitation or sun and does not provide seating except for the
boundary of it.
The building’s lobby on the interior creates a sterile condition where it becomes a transition space. The materials look cold and the lack of
plants makes the space very uninviting.
The building’s restaurant is located on the ground floor and serves as a public space only for the people with reservations.
Seagram Building offers public space only on the ground floor. There is no roof terrace or viewing platform.

3/Interior Comfort

To reduce the heat gain threw windows Mies van der Rohe incorporated window blinds that operated in 3 positions fully open, halfway
open/closed or fully closed. Seagram Buildings was also the first office tower to feature floor to ceiling height glass windows. To further
reduce the heat gain the windows used amber tinted glass.

4/Energy Efficiency

The building cost of Seagram Building was 36 million dollars which made it the most expensive skyscraper ever built at the time of
completion. / 4
Because the skyscraper is energy innefficient it will use the Yardi LOBOS®, an intelligent HVAC energy optimization software suite, that
delivers energy savings of 30% or more to large commercial buildings while maintaining or increasing tenant comfort. / 5
The software will continuously monitor heating, cooling, and air handling systems in the Seagram Building while automating demand response
and providing real-time feedback.
LOBOS’s energy efficiency, demand response and fault detection and diagnostic functionality will continuously monitor cooling, heating and air
handling systems in the 910,000-square-foot building while automating demand response and providing real-time feedback. / 6

5/ lumate es onse

– not benefitting from
site wind conditions
– tinted windows to
reduce heat gain

30 St. Mary Axe

DESCRIPTION -

1/Accessibility

The entrance to the Gherkin is a typical lobby with security gates defining the limit of the public space. The restaurants located on the
opposite side of the buildings main entrance create a semi-public space where you would need a reservation to occupy the space and have a
meal.
The outdoor plaza serves different events however they are dependent on the weather conditions.

2/Public Space

The famous Gherkin is claimed to be one of the most sustainable buildings in London. Unfortunately the building is not open to the public. The
public spaces are only two restaurants and the entrance lobby.
The outside plaza is used for various events but just like the Seagram Building Plaza, it does not protect the occupants from the weather
conditions. The building looks very isolated from the ground around it does not feel connected to the surrounding site.

3/Interior Comfort

The Gherkin is naturally ventilated by using the system of floor gaps that create six shafts where air circulates and regulates the interior
temperature. Firebreaks are required every six floors where it encloses the shaft.
The shaft system works like a double glazed window where air circulates between two layers of glazing and insulates the office space inside.

4/Energy Efficiency

The building is exemplary in terms of environmental and energy performance. The natural ventilation system operates by importing external air into the building through
building management system (BMS)-controlled, motorized perimeter windows placed in each of the
six light wells. The adoption of natural ventilation varies, depending on tenant layout and requirements. Approximately 50 percent of occupants currently use the system.
An active, ventilated façade is used across the whole building. This comprises a low-emissivity, double-glazed clear external unit to the outside and a single-pane interior glass,
separated by a ventilated cavity. Within the cavity are solar control blinds operated by the BMS.
The skyscraper 30St. Mary Axe is an example where passive ventilation design strategies have been also applied with the notion of reducing the building’s energy
consumption. Gaps in each floor create six shafts, which provide natural ventilation for the entire building. During summer, these shafts push out the warm air from the
building and during the winter, it warms the building using passive solar heating. Shaft also allows the natural sunlight to penetrate inside the building, reducing the lighting
cost.1 Unfortunately the malfunction of the operable windows in the double facade and the occupant’s dissatisfaction with the forced ventilation system prevented the
building from fully benefiting from the proclaimed 40% energy savings.http://www.ctbuh.org/LinkClick.aspx?fileticket=Z9zfciSnnqg%3D&tabid=6017&language=en-US

5/Clumate Response

+ mitigating facade
wind pressure
+ tinted portion of
the facade
+ wind pressure naural

Leadenhall Building

DESCRIPTION -

1/Accessibility

The ground level public space is open to the pedestrian traffic and connects seamlessly with the building upper floors with escalators. The
space became a public meeting spot and area to sit down during lunch hours. The space is accessible at all times and protects the occupants
from precipitation and sun.

2/Public Space

The ground level public space, offers direct access into the building by two escalators that connect to the second and third level of the
building. The skyscraper has one of the biggest reception areas in London and creates a welcoming space to sit down during lunch hours. The
building is considered a positive contribution to the city as it connects with it threw the ground floor and gives back the lot it occupies to the
public creating a major new hub and meeting place.
Unfortunately the top level public space is only intended for the employees working in the tower.

3/Interior Comfort

A naturally ventilated triple glazed cladding system limits the amount of solar gain and heat loss passing through the building façade, whilst
maximising the availability of natural daylight.
“Each tenanted floor is provided with its own ventilation system and hydraulic separation of the heating and cooling systems that allows for a
highly flexible office accommodation. The systems allow tenants to be in direct control of their energy demands by allowing them to choose
occupancy times, cooling loads and ventilation rates”. /5
The external glazing incorporates vents every seventh storey, allowing air to flow freely around the cavity. This minimises the need for
artificial cooling.

4/Energy Efficiency

The construction process with design and manufacturing done off site cut the waste to almost zero.
Use of Design for Manufacture and Assembly (DfMA).
The external glazing incorporates vents every seventh storey, allowing air to flow freely around the cavity. This minimises the need for
artificial cooling.
The outer layer of glass is separated from an inner layer of double-glazing by a cavity containing blinds that
respond to the sun’s movement, keeping the office space comfortably cool throughout the working day.

5/Clumate Response

+ facade maximiting daylight
+ incorporating vents
in the facade
+ use of sun blinds to regulate
interior heat gain

Pearl River Tower

DESCRIPTION -

1/Accessibility

The Pearl River Tower iss surrounded by green spaces that form a park.
It’s lobby area is fully accessible to public and only the elevator shaft entrance is gated by security.
The Bank and the Post office integrated into the lobby make the tower entrance public.

2/Public Space

The public space in the Pearl River tower is provided inside and outside of the building. The tower is surrounded with a park and pathways. The
lobby integrates a Post office and a bank, which is open to the general public. The structure includes an additional “bubble” that connects to the
building’s facade and serves as a public space with a restaurant located on it’s top level. Unfortunately the lobby entrance condition is very
sterile and because it does not include many seating spaces it becomes a mere transition space.

3/Interior Comfort

Pearl River Tower uses the chilled ceiling system, underfloor air ventilation, and daylight harvesting to keep the building interior comfortable. Sun
shading blinds are protecting the interior from sun glare and overheating.
The wind that is passing threw the turbines in the buildings openings is also directed throug the tower’s ventilation system. The building uses a
double wall with mechanized blinds on the northern and southern facades, and a tripple glazed facade on the eastern and western sides of the
structure. This design strategy keeps the heat out, thereby reducing the cooling requirements.

4/Energy Efficiency

Underfloor Ventilation with Radiant Cooling
In contrast to traditional HVAC systems, which consume copious energy from fans to mix fresh air with that circulating inside, Pearl River’s
ventilation makes fans unnecessary. Since the incoming air is dehumidified and precooled within the double wall, it’s similar enough to the
interior climate to introduce directly via underfloor displacement ventilation without mixing.
Cool water runs underneath each floor slab. As heat from the occupants and equipment builds, it is propelled upward by the displacement
system, hits the chilled slab, and cycles downward, creating a convection tumble that circulates air through the space. Eventually exhaust air
passes through the double-wall facade.
The facade incorporates many layers of sustainable thinking simultaneously. Angled to take full advantage of natural daylight, embedded
photovoltaics gather solar energy, while fully glazed low-e glass and integrated shades shield the interior from unwanted heat and glare. The
double-wall construction offers insulation and a critical way station between the indoors and outdoors.

5/Clumate Response

+ harvesting energy from
prevailing winds
+ facade fully exposed to sun
+ harvesting solar energy
with solar panels

Commerzbank Tower

DESCRIPTION -

1/Accessibility

The Commerzbank Tower has multiple entrances however because they are all very monumental they do not create that inviting condition for
people to enter them.
The elevated stair entrance creates a sense of building dominance over the site while also becoming an unusable wasted transition space.

2/Public Space

The Sky gardens of the Commerzbank are the most famous part of the building. They are integrated into the tower’s sustainable strategy and air
circulation path. The public spaces are scattered threw out the height of the building and offer an escape zone with fresh air for the people
working in the offices. Unfortunately just like the top floors, these spaces are not open to the general public. However the Commerzbank
provides a spacious open public space on the ground floor where restaurants and retail stores are located.

3/Interior Comfort

The Commercialbank HQ is an example of one of the best performing sustainable skyscrapers designed and built to date. The double facade
enclosure gives the building the benefit of natural ventilation even on the upper floors of the skyscraper. Windows on the inner facade enclosure
can be opened letting fresh air pass in the cavity between the two layers of glazing allowing fresh air to circulate threw the building.
The central atrium lets natural light penetrate the building and the cutouts in the tower’s Facade provide spaces for roof gardens.t
Designed with the end user in mind, office areas are naturally ventilated and flooded with daylight. Users can regulate their own environments
and sky gardens act as a breakout space. /2

4/Energy Efficiency

The building was designed to be naturally ventilated for 60% of the year, with the sky gardens allowing natural ventilation during shoulder
seasons. This approach was expected to reduce energy consumption by up to 50% compared to an equivalent air conditioned office. / 1
Post occupancy studies have shown that the tower actually consumes 20% less energy than predicted, and there has been a year on year
reduction in energy consumption since 2000. This is largely because the building users have extended the period of natural ventilation up to
85% of the year, as opposed to the 60% designed for.
From 1st January 2008, the Commerzbank Tower has been supplied exclusively with green energy that is derived from renewable energy
sources.

5/Clumate Response

+ aerodynamic shape
responding to site wind
conditions
+ building fully exposed to sun
+ prevailing winds used for

Sustainability Evaluation

Design goals

Next steps

1. Tower form iterations
2. WInd Tunnel studies
3. Sustainable technologies
4. Structure
5. Facade studies
6. Building program
7. Interior condition studies
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